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An electric stirrer can be seen on the bottom of this No. 6 furnace in the Timken Co's 
melt shop, as the furnace 1s being tapped The new stirrer, replacing manuol mining 
is expected to save time, increase output, improve quality and cleanliness of the steel 
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NEW BUEHLER 


metallurgical laboratory. Includes sections on Cutters, Grinders, 
Specimen Mount Presses, Polishers, Metallographs, Microscopes, 
Cameras, Testing Machines, Spectrographs, Furnaces and other 
equipment for the metallurgical laboratory. 
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165 West Wacker Drive, Chicege 1, Ilinols 
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DEPENDS ON METALS 


g manufacturers of electric steel, foundry metals, ferro-alloys 
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Save critical alloys 


WITH AJAX-NORTHRUP 
INDUCTION 
MELTING 


High speed melting enables Ajax-Northrup 
high-frequency furnaces to recover all of 
the nickel in the charge, 99% of the 
chromium, 95% of the molybdenum... 
consistently high percentages of every 
alloying element. 

The difference between these figures 
and the performance of ordinary furnaces 
represents savings ...both of money, 
and of critically hard-to-get alloys. 

For instance, a 2% chromium saving 
in one Ajax-Northrup equipped foundry 
saves ten tons of ferrochrome a month, or 
$60,000 a year. (Melting capacity 
1,000,000 Ibs. a month—63% ferro- 
chrome (@ 25¢ |b.) 

$60,000 a year pays for the furnaces 
in short order—and the chromium saved 
is enough for an extra 70,000 pounds of 
18 and 8 stainless steel a month 

The figures are slightly different for 
other critical alloying elements. But the 
arithmetic’s the same—the total savings 


frequently just as impressive. 

Besides saving metals, Ajax-Northrup 
furnaces melt at extremely high speed, 
with composition controlled within 
0.25%, pouring temperatures within 
20 F. 

There's an Ajax-Northrup furnace to 
fit every melting job, including yours, 
Write us today for details. 


SEND FOR NEW INDUCTION 
HEATING AND MELTING BULLETIN 
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CORPORATION 


AJAX PARK 
TRENTON 5, NEW JERSEY 


Associate Companies 


AJAX ELECTRO METALLURGICAL CORP. 

AJAX ELECTRIC FURNACE CORPORATION 
AJAX ELECTRIC COMPANY, INC. 

AJAX ENGINEERING CORPORATION 
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und American industry are ready to 


et's make sure American men : 


General 


~Kef ractories 


yompany 
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— KSoming Events . For precise, reliable thermal analysis 


for Applied spectroscopy 


American Institate of Chemical 


Applied spectroscopy 


Sectety of Plastics Engineers, Ine 

an merican Seciety of Heatin ne 

feb AIMEE, hicago B : 

i 

he 

le mperoture Mode! HTV 

Mar «#11 American Institate of Chemical a 
Pngineers Vist Hote 3 x 
The unique new guiding system on the Leitz Dilatometer 
assures accuracy and dependability unmatched by any ri 

other dilatometer now available. Mistakes due to friction 
= ene caused by supporting points of the measuring bridge are : 

go ng YMCA, Lo completely eliminated. There is no sliding motion of the ; 
bridge surface against the supporting points. For extra ; 

Mar et ess and ‘ 
Muditorium, I convenience, the dilatometer stand, the photographic 
camera and the electric furnace are mounted on a single a 


April-May. Empire Mining and Metallurgical 


base, so that all parts may be easily manipulated from 


Congress 
iz “gy Mining and Metal in front of the instrument. 
urgica ongress ist Zea i 
Apr. 20-22, AIME, National Open Hearth a If you require thermal analysis of ferrous or non-ferrous Z 
te onference. Motel Statler, Buffalo. metals and alloys, titanium, ceramic building materials, ; 
Apr. 25-May 10, Liege International Fair glass, minerals, porcelain, coke or other materials in the “ 
solid state, plan now to look into the outstanding advan- . 
\pr American Institute of Chemical 
Engineers and Chemical Institete ef Can tages of the precision-built Leitz Dilatometer. 
ada Hote 
May 14-16 Pacific Northwest Metals 
and jour t meeting Write today for catalog Micro 816]—/M 
D Ben Frank Hotel, Seattl : 2 
May 18-22. National Materials Handling Ex E. LEITZ, Inc., 304 Hudson St. 
position, t Hi te ly 
New York 13, N. Y. “ 
May AIME t He nhs 
LEITZ SCIENTIF NSTRUMENTS MICR PES BINOCULARS 
he mical Institete of Canada A CAMERA AN 
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BOOKS THROUGH 


Books for 


Handbook of Chemustry Thermodynamics of Alloys 

pt per cent discount 
possible Order Gov 
slications dwrect from the 


erned 


Fundamentals of Engineering Ele 


tronics, 


Writing the Technical Report 


PROFESSIONAL SERVICES 


mt to com 


to AIME 
AIiME 


$40 per 


Principles of Radar, 
t ; 
( 


( 


Enevelopedia and 


Modern Plastics 
Engineer's Handbook 


“ 4 


SAM TOUR G CO, INC 


( 
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stry, 


Electron Tubes in Indu 


Mineral Resources of the World, 
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Wile S 0 627 1 195° 
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STEEL PRODUCTION . t 
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| 149 Broadway New York 6 N Y | , > 
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Numerical Methods in Fngineering, raft and The first 


Elasticity in Engineering, by Ernest tructure The third section trea 
+ pr 1952 The t k ha ileal with approx it 


Structure of Metals, 


INDUCTION STIRRING 


accelerates refining reactions 
produces quick homogeneity 
equalizes temperatures 
assures effective slagging oft 
increases production 

results in better quality steel 


The Induction Stirrer can be adapted to your own arc furnaces—what 
ieiiains Hm ever their size or bottom shape. Stirrers have been installed or are being 
built for use with furnaces ranging from 11 ft to 24 ft in diam. Take 
advantage of this new tool for better electric steelmaking 


Proceedings, 


Flectric Furnace Steel 


This ASEA Induction Stirrer, manufactured by the Elliott Co im their Ridgway plant, is now 
operating with a new 20 tt arc furnace recently installed by the Timken Roller Bearing Co 


Weight-Strength Analysis of Airera AROS ELECTRIC INC 
Structures ~4 FR Ss M 
16 East Street New York 21, N. Y. 


i 


Re ting ASEA the I 
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Purpose Grinding Wheels am 
operations with abrasiv 

sught possible In 
ll cost you less, 
operating hour 


Electro Specific 
to do many more 
you may have the 
e ope »srations Wi 


and you will gain in output a 
as well as in qu ality of outpu er 
» we wholly upon our resp ynsibility, se 
Gales Engineer to see whether 
se Grinding Whee ls prom- 
yains iny ase to warrant changing 
high-efficiency oper 


you 
wheels than 


most instances th 


qualihes 


7 
Louies & Abrasives Corporation 


344 Delaware Avenve. Bulfalio 2, N.Y 


Industrial Notes . . 


e Arthur G. McKee & Co., engi 
neers and contractors, Cleveland, 
has announced that their Canadian 
subsidiary, Arthur G. McKee & 
Co., of Canada has opened offices 
at 350 Bay Street, Toronto. Work 
will be similar to that of the parent 
company, with specialization in 
the design, engineering and con 
struction of petroleum processing 
facilities, blast furnaces, open 
hearth shops, rolling mills, ore 
preparation and treating plants, 
and related facilities. Services and 
facilities of the American group 
will be available in Canada 
through the subsidiary 


“Ban 
Specific Purpose 
| 
Grinding Wheels 
eN k 
ators have done? x ch nity. c 
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e FE. L. DuPont de Nemours & 
Co. is producing titanium in ton 
nage quantities. DuPont's batch 
size has increased from 100 Ib to 
3000 Ib. Edwin A. Gee, section 
manager in charge of the com 
pany's titanium development, said 
that the General Services Admin 
istration has purchased 250 tons 
for stockpile 


e Constructior $4 
iphurie acid plant at Galer 
Kar tart t 
in announcement by Eagle-Picher 
( Cin nati. The plant ched 
iled for pletion early in 1954 
Expected productior 40 tor f 


been contracted for by the M 
Farmers Assn., which wv 


CARBON CONTROL 
inthe CARBURIZING 
PROCESS 


Fine Groin Steel 
Mog 100K 
Nitol Etch 


Time — Temperature — Carburizing Medium — Circulation — these 
epted as essentials of the gas carburizing process. Now 


have been a 
as being of primary im 


a Sth factor Pressure is established 


POSITIVE PRESSURE CARBURIZING has simplified the con 


portance 


trol of the amount and distribution of carbon in the case. Uniform 
results from heat ¢ heat are realized not only can the desired 
carbon ncentration be obtained on the surface of the work but also 
to specifie ths below the surface. Finish grinding may be performed 
without loss of uniformity of surface hardness or may be eliminated 


entirely 


Nitrider Furnaces are now equipped for con 
Inexpensive accessories can be provided 
pressure 


y Carburizer 
art 


Hev: Dut 


vunzing 
Duty Carb 
carburizers to give you true carbon control. 


trolled pressure 


controlled 


urizers into 


to convert existing Hev 


ur nearest Hevi Duty Office for more information — 


Consult y 


Chicage District 
205 W. Wacker Drive 
Chicoge 6, Hlinow 


Cleveland District 
1979 Union Commerce Bidg. 
Clevelond 14 Ohio 


Eostern District 
50 Journal Square 
Jersey City 6 N 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVI: DUTY ELECTMIC EXCLUSIVELY 


ORY TYPE TRANSFORMERS CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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eA m Co. of America 
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tru heet 1 other tune 
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| Anaconda Wire & Cable ¢ 
ind RCA Service C Ir ‘ 
leve ped ar i veather t 
! h frequer trans! ! re i 
for the telev mn indust Phe 10 
re naconda ATV-270 ves a 
lead in fr roof-top to receiver 
ethvlene spiral centering thread : 
oak 
part of the | thor ead —y 
been « 
1) 
nstruct a phosphor 1 and - 
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N.Y... because f the unfavorable 
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ngton work are 
» rubber cush 
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The legs and anvil of thi 5 ton forging hammer at Inter in iu the 
ncrete base that rides on supported by 
> ad concrete block The bottor + me lower concrete 
block im turn rides om 432 ster springs The mounting ‘ 
arrangement ¢ this hammer which used marly tor ‘ i te 
forging high niche sllows minat ground vibration th t ( that 
thus educing maintenance sts throughout the plant t} 
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The first production model of the carriage for the Army s 
new 280 mm gun is shown on the assembly line at Dravo 
Corp's Pittsburgh plant The carriage, a complex assem 
bly 38'> #t long, required 8200 ft of welding Nearly 2200 
separate blueprints govern its assembly 


Army nveiled its me 
what ma 


Ordnance 


18.000 It 
\ ».000 
i Wa 
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Consumption of dead burned 
dolomite per ton of open hearth 

and electric furnace steel 
produced 1928-1951 


37) 38 199 40 41 «42 «43 44 45 46 47 48 49 50 


1928 $2 3 i4 


10 


calcined dolomite ws. dead burned dolomite 


279 


TEM pri f caleined dolomite approaches that of swept through the furnace by combustion gases. result in 
| dead burned dolomute. Tato term effectiveness damage to all refractories. both below and above floor level, 
as a hearth cetract al mite: ot the Lacking density and an integral coalescing agent, eal- 
te frawd However. at lacks the cmed dolomite highly vulnerable to attack during the 
eflect tor routine dry stage of the heat. Caleine thus removed mereases 
slag volume. Magnesia from the ealeine leads to viscous 
heat ter mele burned”, just slags which take and iron ovides inte solid 
of Liter as burned rendering them ineffectual in their important 
rremuated= vear ico When role of agents, 
raw a ! ! tea inlay few steel plants ealeined dolomite Thus, 
ra tras them at hagher practice proves the reasoning of seience —in increasing 
beta het hrank oranules consumption of de ad burned dolomite. 
magnesia \ promecr in the manufacture of dead burned dolomite. 
dolomite. with a 1 te SO) pounds Baste Refractories Incorporated fultills its responsibility 
oppesed te per cube vot for dead as a supplier of this essential hearth refractors through a 
dolomite. has a high | it It reacts rapedly wath at continuing program of product research and quality econ 
mosphere and carbon slaking on trel and by anticipating. through inereased and improved 
transit and storage cau eX ve Fanes mot production facilities. the ever expanding requirements of 
pose adust problem for furnace personnel, but when the steelindustey for Magnefer and ndolag 
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COMPLETE 
Coordinated Electrical Equipment 


Built for Arc Furnace Duty 


SWITCHING EQUIPMENT is matched to furnace size and 
power supply voltage — for a single furnace or a battery of 
units. Allis-Chalmers switches and breakers are built to with- 
stand the frequent operation required for arc furnace use, 


FURNACE TRANSFORMERS 
are carefully designed to with- 
stand high current and voltage Q 
stresses. They provide built-in re- 
actance and taps for accurate 
current and voltage control. 


CONTROL consists of Regulex 


rotating amplifier m-g sets and a 


a control and metering panel. 


Separate ni-g sets for each elec- 


trode give accurate control. : 
Simple design of Regulex sets 
assures low maintenance costs. 


O 
W isconsit 
A.2917 


ALLIS-CHALMERS 
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Nickel Alloyed Worms 
and Gears Still Serve 

after 30 Years 
of Operation 


A nickel bronze gear, teamed with a nickel alloy 
steel worm, gives you gearing that actually im 


proves with use 

Many years ago, after considerable laboratory 
and actual field tests of various compositions, 
The Cleveland Worm and Gear Company 
specializing for the past 40 years in the produc 
tion of speed reducers ... standardized on nickel 


tin bronze gears 


Today, many of their drive units which were 
produced in the early days, are still operating 
regularly with the original worms and gears 
30 years of useful 


which means more than 


service 


The reason for this long, trouble-free perform- 
ince 1s not hard to find. For nickel improves the 


NICKEL. TIN BRONZE contain 


g approx ate ] nickel strength of standard bronzes and is particularly 
t of 0 lead effective mn raising elastic properties increas 
i produced by ing shock resistance as much as 25 to 50 percent 
equire 
Nickel-containing alloys may meet the exact 
I Wor ind 


ing demands of your particular equipment or 
production problems. Write us, today, for coun- 


sel and data 


At the present time, the bulk of the nickel 


rt produced 1s being diverted to defense. Through 
Sor! 

ipphcation to the appropriate authorities, nickel 

s obtainable for the production of nickel alloyed 


bronzes for many end uses in defense and de- 


tense supporting industries 


THE INTERNATIONAL NICKEL COMPANY, INC. vew'vorxs. xy 


x 
\ 
SS 
| 
worms of large size, and Type 4615 
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Atlas Steels, Ltd., of Welland, Ont., plans to instal) a continuous casting 
machine, to be built by Koppers Co., Inc. The machine will produce 
tool, stainless and other high grade steels, vielding 10 to 15 pet 
more finished steel per heat than ordinary methods. Koppers will 
construct the machine at its metal products div., Baltimore. It will 
produce 4 1/4x4 1/4 in. billets; 5 1/2x7 1/2 in. billets, and 
41/2x12 1/2 in. slabs. It will cast at speeds up to 100 in, per min, 
About a year ago Koppers obtained an interest in Continuous Metalcast 
Co., owners of the Rossi process for continuous casting. Allegheny — 
Ludlum Steel Corp., Seovill Mfg. Co., and American Metals Co., Ltd., 


also have interests in Continuous Metalcast. 


The aircraft industry offers strong evidence that titanium is progressing 


beyond the experimental] stage and is on its way toward actual production 


applications. Lockheed and North Americen jet fighters are being 
built with titanium parts, while Douglas is using titanium in DC-7 


engine nacelles, the airframe industry's first nonmilitary application, 


Middletown, Ohio, should be operating by March. The $39 million plant 
is the largest investment at the Middletown div. It is expected to 
raise capacity 15 pct or about 2,000 tons of ingots per month. 


Armco Steel Corp. announced that its new blest furnsce and coke plant at 


Some official sources in Washington are writing off Bolivia as a significant 
supplier of tin. It is believed that 1953 deliveries will amount to 
only 10,000 tons instead of the expected 15,000 tons. It is expected 


thet Canadian. and American engineers would not continue to work i in 


the nationalized mines. Experts fear that the Bolivian Government, in 
an attempt to gain fast profits over a short term progrem, will 
the mines of high grade ores. 


Titanium silicide coatings offer protection at temperatures up to 2000°F, 


according to data gathered from recent investigations. ‘It is also 
believed that coatings may give satisfactory performance when ex- 
posed to hot gases. 


about 4000 long tons, India is taking 


With an annual aluminim production 
steps to increase output cepacity to 20 COC tons. Indian Aluminium 


Ltd., has asked government permission te construct a plant of 15,000 
tons of installed capacity. India currently imports approximately 
10,000 long tons of aluminim per year. 


» new selenium expansion go2zl, including selenium metel, alloys, and 
compouncs in terms of selenium content, was set by the Defense Prow 
duction Administration at 1.1 million 1b by 1955. It represente an 
increase of almost 250,000 lb above 1950, including comestic production 
and imports. New methods of recovery from copper are being investigated. 


Bell system started using transistors instead of vacim tubes in the 


long distance dialing system at N. J. Bell Telephone Co., Englewood, 
N. J. The units, also called oscillators, were placed where they are 


needed most rather than in a central location, as in the case of 


vacuum tubes, Western Electric Co. will manufacture equipment to be 
used in Iglewood. 
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ELECTRIC MELTING..| || 
TODAY’S ANSWER 


for 40 booklet giving all Mydro-Arc 
tures titing arrangements electrode 
vrols capacities and other information 


WHITING CORPORATION 


Remember Blectricity 


Is Low Cost, Clean, and Reliable! 


REATER ECONOMY! 


electric furnace is mow the 


Phi 


te many melting problems! That's because 
electrical energs has come to be more and more 
economecal in facet. today itis relatively 
lower than other tuel costs. only the electre 


} 
the 


furnace can meet present demand= tor t 


most rigid metallurgical controls! 


In recent vears. Whiting has made startling 
developments in the Hydro. Electric burnace. Our 


hiv power tutomatic electrode 
clamp and arm root-lifting mechanism tor top charge 
and mans other out-tanding ads ancements a--ure 


lower cost operation 


more eflerent 
with electri tl power 
| 1 Look mite 


metallurgical 


obtam the most 


faster 
Soomelt 
the clean / 
the Are 


important lectre furnace advantages’ 


retine « 


now ane 


| 
| 
| | | 
| | | 
GET COMPLETE INFORMATION NOW! 
Sen 
he 


H W McQUAID W J REAGAN 


Tenth Annual Conference 


Electric Furnace Steel Committee 


William Penn Hotel, Pittsburgh 


December 4, 5, and 6, 1952 


J. B. CAINE J A BOWERS 


N | STOTZ 
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tomorrow need constant 
now offered. Lse of 
dehinitely unitorm 


idded assurance ot 


Rare-Met 


Ivhdenum ¢ Mest 


I Compound, de- 

thoroughly oved tor use in 
tron 

huge rare-earth deposits, the 
itiom hus devoted special re 

ermals and can advice on 


You may wish to 


As upplerot Molybdenum, Tungsten, Boron, and 
oving matertals, the Molvbdenum Corpora 


thon Welcomes on any requirement 


MOLYBDENUM 


F METAL 


Rare ‘Earth Procession 


AMERICAN Production, American Distribution, American 


Control, Completely Integrated 


es Prtsburgh, New York, Chicago, Cleveland, Detroit, 


Los Angeles, San Francisco 
es Representatives American Steel and Supply Co., Chicago; 
L. tink, Brumley-Donaldson Co., Los Angeles, 
San Francisco 


Swhindiaries: Cleveland-Tungsten, Inc 


Washington, York, Pa. 


CORPORATION OF AMERICA 
Grant Building Pittsburgh, Pa. 


T-COMPOUND 
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kK © barth materials vield 
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Electric Furnace 


Steel Committee 


Executive Committee 


Ernest Kirkendall, Secretary 


H Frank Chairman 


J McLoughlin, Past Chairman M E Goetz 


H H Blos« M J Meimen 


C W Briggs C F Staley 


Execute Committ 
Gerhard Derge H F Walther ecutive Cc e€ 


Clyde Wyman 


J P Gill 


Conference Committee 


F O Lemmon, Vice Chairman 


W M Farnsworth Chawman 


Samuel Arnold, I J S$ Marsh 


J H Baldrey C G Mickelson 


L W Cashdollar A C Ogan 


Clark Frank St Vincent 


OL 


Witham Doyle C E Sims 


R H Jacoby G T Stowe 
T J McLOUGHLIN 
John Juppenlatz V E Zang Past Chairman 
Execute Committec 
Finance Committee Committee on Arrangements 


R K Kulp, Chawman Frank Weir, Chairman 


L. Roger Burke 


W M Charman, Jr 


) 


N G Glonding, Jr 


G L Robinson 


Frank St Vincent 


Electric Furnace Steel Conference Attendance 


1943 414 1948 534 


W M FARNSWORTH 


Chairman 


Conterence Committee 
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Tenth Annual Electric Furnace Stee! Conference 


The History and Development of 
Electric Furnace Steel Committee 
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Tenth Annual Electric Furnace Steel Conference 


An Appraisal of The Value of 


Electric Furnace Steel Conferences 
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Technical Program 
Electric Furnace Steel Conference 
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DECEMBER 4 
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to 9 45 am—Ba hal 
( ‘ er! iring 


Welcoming Remarks 


Response 
Announcements and Reports CASTINGS TECHNICAL SESSION * 
FRIDAY DECEMBER 
JOINT TECHNICAL SESSION 
am to 12 30 pm—-Monongahela Room 
THURSDAY, DECEMBER 4 TRENDS IN MELTING METHODS . 
> 45 am t 2 30 pm— Ballroom FOR CASTINGS 
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Key Co, E. St. Louis, 1 = 
1. Relation of Power Input and Controls to Efficiency 
Vol M livdre Are 
1. Human Relations in the Furnace Shop Whitir p. H ‘ 1] +, 
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2 Statistical Methods and Results of Study of Factors ju 
Affecting Electric Furnace Production and Quality Met ipt., We Steel 
p. M Comparison of Acid and Basic Steel for Castings 
3%. Resume on Use of Oxvgen I ipt 
t 
FUME CONTROL 
Chairmen I 
1. Elimination of Fumes and Dust from Electric Fur FRIDAY, DECEMBER ° : 
| FACTORS INFLUENCING QUALITY CONTROL a 
REVIEW OF PRESENT MELTING METHODS - 
Chairmen 
4 \ Unique Approach to the Collection of Fumes 
from the Electric Furnace 7 
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1. Preheating and Scrap Preparation 
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OF STAINLESS STEEL 


Auto Pour 


Moderator 


Panel 


Ingot Castings 


; The Effects of Melting Practice on Refractory Con 
sumption, Furnace and Ladles 


\ 


Roots 


Standardization of Bleectric Furnace 


JOURNAL OF METAL DECEMBER 


Prey t pape D G Ha Re Dept. I 
Roi f Met. K t 
l 
Co. Beaver Falls, Pa 
M 
Prey ted paper 0 McFarlane Asst. t 
vl ‘ t supt \ Stes 
j p.. But 
I ( iltant, Cle vat Fla 
wa Hi t pt Ekle hue Mot \ 22 & 3 Melt S I 
Pape lL. ton I Reput ste 
Che na O 
‘ 
: 
Pits 
asst Supt, Wilcox, Tech. D 
" I st Dept.. Bet M n Steel ( ting 
‘ t ( Ret Det tM 
M Melt Shor Supt Du ( 
\ 
127 


Photomacrographic 
Equipment 
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Research Metallograph 


MILS Metallograph 


WRITE tor complete intor- 
mation. Bausch & Lomb Optical 


78712 St. Paul Rochester 


2, New York 


Whatever Your 
Metallurgical Problem... 


Stereo 


microscopes 


the Bausch & Lomb 
COMPLETE LINE 
will help you 


solve it! 


combination of equipments trom the Bausch & Lomb 


metallographic line——the most complete serving industry, 


Four ditterent metallographs 


held studies or advanced analyses requiring 


interchangeable phase contrast, bright field, 


dark tield and polarized light. 


* Photomacrographic Equipment Model L—widest 
low power range, no time lost in converung 


metallograph trom high power set-up, 


¢ CM Metallurgical Microscope 


* Stereomicroscopes—unequalled for 3-dimensional 


low power studies. 


Let us help you select the equipment and set up 


the operaung procedures that will most efficiently 


IN advanced research or in quality control, youl 


better results, taster, with the right instrument or 
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industry's standard 


solve your problem No obligation, of course. 
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Due to the nature 
of their use, pressure 
cooker castings must 


maintain exception- 


ally high standards of 


casting quality. Not 
only does the induc- 
tion furnace effect a 
saving in melting cost 
but, in addition, 
working conditions 


are greatly improved. 


Cut Pounudry 
FURNACES | Cost 


Accurate records at the 
National Pressure Cooker 
Co, Eau Claire, Wisc , show 
that over a two year period 
the AJAX Induction Furnace 
was capable of reducing 
melting costs by as much as 
40 


th 


AJAX Induction Furnace 
ual’ hown i photograph above 


t 66 Kw twin coil 


Note from the diagram above that the operation of the AJAX 
Furnace ts based on the induction principle, whereby energy 1s trans 
mitted to the molten charge without actual contact, through the re 
fractory walls Only the metal is heated, and therefore there are no 
resistors or other parts having a higher temperature than ts absolutely 
necessary for properly melting the charge. A gentle movement of the 
both insures uniform temperature and homogeneous mixing of the 
ingredients. Linings are made of imert refractories which do not con 


taminate the melt. Temperature control is entirely automatic 


Write For Further Facts and Information 


AIAN ELECTRO METALLURGICAL CORP. 
AIAN ELEC TROTHERMIC com 

AIAK ELECTRIC 

AIAN ELECTRIC FURNACE ‘core 
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Fig 1—-This is the interior of the electric smelting pilot plant The operating furnace on the right is the ESA turnace The 
larger ESB furnace on the left 1s im untined, standby condition 


Electric Smelting at Bureau of Mines 
eeks Utilization of Northwest Ores 


by R. T. C. Rasmussen 


Electric smelting research facilitres comprising batch type 
arc melting furnaces and a pilot plant smelter with two 
pen top, pit-type furnaces for continuous smelting tests are 
described The problems and results of cach of the smelting 
projects investigated since inception of the research at Al 
bany lote in 1945 are discussed briefly Cooperative research 
yn carbothermic reduction of silicon aluminum alloys devel 
ped a means of controlling smelting temperature, which 
promises to benefit electric smelting im general, in addition 
to providing the basis for planning a commercial silicon 
aluminum smelter western Oregon Cooperative research 
on production of ferromickel trom mickel silicates provided 
data for planning a production smelter im southwestern 
Oregon Recent tests imdicate promise tor direct smelting 
of manganese silicates to produce silicomanganese, with high 
recovery of manganese Other projects wvestigated included 
reduction of Oregon iron ore, production of ferro cc lumbium 
trom tin slag, and production of fterrochromum 
trom off grade chromite concentrates of Montana and Oregon 


Rk T RASMUSSEN. formerly Chiet, Ferrous Metals Branch 
Region Il, U S Bureau of Mines, Northwest Electrodevelopment 
Laboretory. Albany, Ore, is now Metallurgist, Quebec Metallurgical 
industries Ltd, Onta Canada This paper was presented at the 
Pacific Northwest Conference AIME, Spokane, Wash 


DECEMBER 1952, JOURNAL OF METALS—1273 


5 
4 ti t ‘ ment Labe Hure iol 
‘ 45 \ ton fu cet f the ii te 
‘ ‘ ? ‘ 4 ‘ t th ‘ | i 
hevat 147 on research f tie 
ie ned ecitic f nti pen-top, indus- 
tvpe smeltir sont \The o plan f a 
thy du n a 6-1 nth ignment wit 


ESB furnace during 
The photograph was 


there was hanne 


Smelting Facilities 


Charging ESB ‘ re sustained operation 
con aluminum s the hog fuel im 


harge and the adsen electrodes 


= 
: 
st olumenum = test ‘ 
sehen during on intervel when ont 
the harge for escape metal vapor rhe ‘ 
with bon monoard nM 
? 
\ 
+} 
| 
| 
» 
| 
sux 
ad clemos 
4 JOURNAL OF METALS, DECEMBER 1952 


Fig 4-—The photograph shows on attempt to open the 
highest tap hole of ESB furnace with tapping electrode or 
stinger The absence of a ladle under the tapping spout 
typicol of unsuccesstul silicon aluminum tests whereim 
little, +f any, alloy was expected to be tapped 
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t ‘ t The \ \ ‘ 
as 
t elt furnaces are ited 
n t t i ‘ nrest ted head 
hed and mixed on the ground 
\ 
f ‘ er ie ered 
? > ‘ the ‘ 
fed thie Hoppe b pring lemipe ature iret measured wit! il optical 
t t ‘ material can be t The ESA smelting furnace has a capacity of 100 ae 
‘ on the t tomat imple kw tae peration and as high a kw 
t from t t wt ( t isc! et when operated at high voltage. It is equipped with we 
eit t tee bir eacl I fiat graphite electrode The isual electrode 
bie scraper a paci with the electrode centers on a 5'2-in 
trie the nve nto the da trom the furnace cents ‘ approximately 
\1 +) iwT the betweetr electre le cente The electrode 
t tt t t tur truck ¢ Du . have wate cooled guide in a plane 6 in. above the i 
ecol ishing that may be furnace top. The original furnace shell had an ID of pig 
e preparatiol 44 in. and depth of 54 in. Dimensions inside the re 
Operat I fractory were 24-in. diam and 39-in. depth. The | aM 
t erved by mmol lepth to the hearth wa ibsequently reduced to ee 
the me elect le winehe The furnace body was replaced, in coopera 
nel. These furnace nd the ST fu tion with Hanna Development C by a 60-in. dian ye 
‘ mr n balanced hell provide a ¢ icible of l-in. diar within a 
‘ t er t ! le 5 ble by change thicke efractory wall than in the original furnace hed 
’ t ‘ t furnaces are of Bureau The new furnace shell is 60 in. high, the top 20 in 7 
‘ t ended electrode clamparn being removable together with its lining, and the om 
liustment of the ele crucible depth to the refractory hearth 40 in. The 
, le nee The ise three present furnace body has three tap holes at different a 
t three phite electrodes a levels, whereas the original furnace had only two a+ 
t f an equilateral triangle. The The ESB smelting furnace can | CO ovel f, 
«} t neut nd inded througt power input range of 400 kw on work 
tent | (ESB) furnace was ! t to the transformer capacity, rated at HH kw, on oY 
{ electrode powered fron iitably high voltage. The present limitation of about x 
ft f e t nsforme 6000 amp per phase could be raised considerably by 7 
ment later adopted was ar nereasing the capacity of the flexible conductor - 
t f eparate } ve ource rhe 8-in. graphite electrode isually are spaced with a 
with one transformer their centers about 12 in. from the cente! 
— iphite electrode The four-piece ingle-bolt electrode clamp are 
toy the ‘ ‘ bon he th nd extending wate ( led. There are no guides for rode 
the { ‘ the shell. Such an ar- The furnace shell has inside dimensions of 96-1n 
‘ t ed permanentiv t erve and height Dimer nside the re- 
‘ Instrumentatior nelude kw-h fractories are 67-1n. diam and 58-in. depth. The fu 
— whe ndicatit kw mete! nace has three tap holes at different level paced ’ 
a na 
‘ mete eacn pnase ana ipart 
' with ' f re iring voltage fror The 1000-kva Westinghouse transforme which ie 
t nel at between phase An ind erves both smelting furnace provides f parallel - 
ot ' ted to a thermocouple built eri nkage of the secondary busses to give two 
in 4 ' either furnace indicates the elec- voltage ranges having six taps on each. Present tay : 
, tion to the hearth, in add connectior give phase-to-phase voltage ranges of Re 
” 
the furnace na reacned 106 paralle nkage nd BO ft 291) fo 
‘ ‘ iined peration. iap- As 
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Fig. 6-—Dry top smelting of finely divided Scappoose tron 
ore is carried out using hog fuel in this ESA furnace. The 
gas rising out of the furnace contains virtually mo ore dust 
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Therefore, it becon pparent that mutual problems and developing itions for then 
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1 humar elation t CF&I, considerable credit t any time in the past p. | 
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‘ tions} A precedent w estab hed epted nad the esults bette than expected It n - 
rornitt ntinue t funct Meeting een mole iffa but lespite the bviou 
gst omtative ‘ } and mar ement rie tuation mat ement frequent ve 
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Fig 4—The auto crucible melting apparatus used im most 
t the work reported 1s shown im detail A 20 kw generator 
is used, and a vacuum of | micron 1s maintained inside 


the stainless stee! tank during the run 
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Production of Spiegeleisen from Open-Hearth Slag 


In an Experimental Blast Furnace 


A three ton per day blast furnace using blast temperatures up to 
2200°F was operated to recover manganese trom open-hearth slag 
and manganiferous iron ore. The spiegel product containing 12 to 
24 pct Mn was blown in a basic converter to high manganese oxide 
slag as described in the paper which follows this one 
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Table 1V Comparison of Experimental Blast-Furnace Operations with Previously Reported Results on Spiegeleisen 
Production from Low Grade Raw Materials 
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Production of High Manganese Slags by Selective 


Oxidation of Spiegeleisen 


High manganese slags of low phosphorus and iron content are 
produced by air oxidation of high phosphorus spiegeleisen in a basic 
lined converter. Control of phosphorus and iron within specification 
limits for ferromanganese ore feed is obtained by a unique cyclic 
operating procedure. Various types of slags, or synthetic manganese 

ore, can be made 
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Table Il Selective Oxidation of Manganese by the Cyclic Process trom High Phosphorus Spiegel Containing Enough 
Silicon to Produce Fluid Slags 
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Slag-Fluidizing Agents 


Table Hl Limited Oxidation of Manganese from High Phosphorus Spiegeleisen Without Enough Silicon to Produce 
Fluid Slags 
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Fig right and below —Efttect of pre 
quench on the martensite reaction im tool 
steel specimens austenitized tor 20 min 
at 1475 F Etched im picral X650. Area 


reduced approxmmoately 66 pct tor repro 


duction 
ett Specimen austenitized at 
475 F tor 15 min. water quenched, ond 
reheated tor > min 
b right —Specimen austenitized for 20 
min at 1475 F 7, 
a and b—Quenched in salt both at 325 F 
for 15 sec then tempered ot 600 F for 7 
lett Specimen austenitized at 
1475 F for 15 min, water quenched 
and reheated tor 5 min : 
d night Specimen austenitized 
tor 20 min at 1475 F 
c and d—Quenched to 300 F tor 
15 sec then tempered at 600 F for 
Fig 2 right and below Effect of pre - 
quench on the martensite reaction in tool ay 
steel specimens austenitized tor about 3 i 
hr at 1475 F Etched im picrol X650 
Area reduced approximately 66 pct for 
reproduction 
a left Specimen austenitized at rs. 
475 F for 15 min, water quenched, and a“ 
reheated for 3 hr 
b night Specimen austenitized for 3 
hr-15 min ot 1475 F ? 
for 1S sec then tempered at 600 F for 
ts pecimen oustenitized i’ 
at 1475 F for 15 min, water 
quenched, and reheated for 3 hr a 
d night Specimen austenitized 
for 3 hr-1S mn ot 1475 F ay 
and d—Quenched to 300°F tor ie 
1S sec then tempered at 600 F Y 
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Fig 1—Sketch showing arrangement of new baghouse and blast furnaces Dotted areas indicate ground made available 


tor turther new construction 


Table 11. Operating Conditions for Cooling from 650° to 210°F 


Winter Operation summer Operation 
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head of the radiation ¢ ling unit fe peak tempe rene leveloped letaued ae mn accoral to the 
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mastitutes the n t positive method. As the oling matically cont ed spra vsten nstalled in the | a 
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lepend n the evape ition of the water, the ? he iptanke ofa tw compartime t tent 
the gas temperature and the higher the degree f Phe andard Meye pray head ed a ic 
ton ation of the water, the more effective will be } i disk (Have te te) w ild be used 
the deures f cooling Based on limited experience l i ire adequate ate ition 700 4 wate a 
n ou wn plants and advice from outside irce vould be used | ca 
i cooling system using high pressure (700 to 750 1—A water filte vould be required to remove a 
psi) wate prays with tempering air was de ned brasive t é: 
> 
ble operating conditions when cooling fron \r itomatici controlled tempering a 
650 to 210 F are indicated by the calculated figure jamper would be installed at the base of the tows ue 
n Table I, which are based on cooling to 275 F t lowntake Sas 
wate r the winte ind to 250 F in the mrne The 1 The towe vould be tk gyned to permit a 10 
t nee of the cooling would be by tempering a ec retention time : 
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. 
f+ m the co init to the niet lecided prov or vere to be 
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the baghouse inlet was calculated at 4.0 i vate he we fowntake and the n inlet flue ost 
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Fig. 3—Baghouse instrument panel 
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— ‘ ervice on A to be basic lead sulphate (2 PbO SO,). Examunatior 
plas just showed that it was predominantly 
PbSO. Evidently the conversion of the lead con 
he equipmer vil? site itior ‘ mod u A 
+ ind n the furnace just to ilphite was the re 
tior vere ‘ hire During i 
the treate were ved to remain in position as ; ilt of a low temperature eaction In an aqueou a 
fegu should ar hutdow! f the new 1 (humudify ie) 
nt be re ed Phe highe ilphur content of the treater dust 1 i a 
i 
Ir } nt} } tion. th i turthe ndication that eute proportion of 
arated: nd there ha the ilphu eaving the furnaces a aseous SO 
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Liquidus Surface of the Fe-S-O System 


The liquidus diagram for the iron field of the Fe S-O system 
has been derived experimentally. The solubility of oxygen in 
molten Fe-S alloys has been measured at several temperatures 
and found first to decrease slightly and then increase rapidly 

with increasing sulphur content 
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ich i ! t snd two 8 in. mnt tube for ample i: 
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nce about 1930. Over the ve; the ition 
th ipparatu i been governed Dy rhe ve 
\Toepk F pum h compre the i ample 
tility required to analyze a wide variety of materia me n the mea t burette G and H i 
ce i tv pe materi from high puritv meta 
i \rhere are bvt ‘ nth ne f icLeod gage 
| are analvzed and nee eldom n e than a ) manometer F nd for initial 
few ne type are analyzed pump out f thie ter vit? i Cenco Megavac 
t tv ratt than for st j A ner f +) ip 
athe P speec A general vie ‘ ble shown in F machined 
equipment hown in Fig. 1, while Fig. 2 shows the f Tungar Bult t \G.K.T FI ) raphite tp 
tionship of the various part The ample led into the crucible with the _ 
In Fig. 2, A a vertical double-glazed 1 lonicted on ti ‘ The rrange 
a tube heated with a 20 kva mercurv-ar« ‘ 
ment f the « icible adiatior creer ete im the : 
high frequency generat The tube close@=vith a 
: 
vater-cooled brass head attached with de ky 
cemen A turre cay nis head a aied 4 with tu near the tors nd opp te 
with in. “O" ring. The ht other whitch f spe tor ed 
2 f owering it in place prepared, A 44 in. layer ; 
f powdered graphite ed in th Alundun 
thimble, and the iphite crucible containing 20 ' 
MEE of ingot iron and 0.5 g of carbon is carefully centered ‘ 
n this bed of graphite powder and graphite powder 
packed around it to the top of the graphite cru- 
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t ¢ bye 1 thie ir iu 
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t t ¢ Wis +} ‘ i 
re the ‘ j At the f the 
ea nm ny ti ar tig ed 
bor j the hable 
i nd ore irk ily ie 
‘ ' te te tt tot the nrevent the 
mutior { these iphur-be emove 
tat mpi ther Since the { ild be n convenient 
t e Une wer nt w ht with 
tried mit ve \ ia 
me ter hroeta coppe thy n ba 
hed ‘ hath cont mir bout pet Sit wetie pre 
‘ ilt ‘ er bal nt 
Tf the ‘ ‘ +} 4 mi ind 
ild be prevented rats iiphu ea a 
ry ws j ‘ fu t al 
Mor + fT els but 
he | tod nan ified } Sand Wainw ht } 
t n disuly i ily 
Fig Crucible ond tunne! (or 
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Table | Effect of High Sulphur on Oxygen by the Vacuum Fusion nm Was 


Method 


Oxyeen. Regular Modified 
Sample Method Pet Procyvdure Pet 


tandard 


Technical Note 


Relative Diffusion Rates of Zinc and Copper in Alpha Brass 


at the 
ross-hatched 


zinc diffused 


irface, and the chen 
f ich a cou} i men irface 
2. Consideration f the iiflusivitie 
of these two a 
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Electronics Div, Sylvania Electric Products Inc, Boston 
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ibsorbed in potassium hydroxide. From the Zz! : 
calculated 
In Tal I ts mpl] 
In Table I are some resu ‘ xVee n samples i: 
A ind without removing the sulphur gases As - 
® be seen, tl esults ace lowe n proportion te e 
22 «i i t \A eT ne’ puti- 
2 42 4 tied before analysis As can be seen from the first - 
4 Que 4 few iImpie n the case of ste with high oxyger 
2 nd norn ilphur contents, the interference of 
ilphur not great, but bove the level of about ; 
pct S, it probably 1 essary modifv tt 
ited that minimun f 28 pet H Wa required t i ret i | ity rhe ; 
With vacuu! i procedu t emove the ilphur 
ij Dtained Will be Likew witt 
was complete with only 15 pet H. There is a pe 
bilit f a reverse reaction between carbon monox 
be serious a 
ie and hydroger ilphide to yield carbonyl sul a 
nhidse eactior in t ed ibvad t1¢ Phe probable accuracy fa method ich as this ts 
( bor phia pret i bw tir difficult to estimate nee there ire no 5 
4 pn su 
i wid Wa idded equal volume 
cate determinations is comparable to that obtained 
i i i ‘ ait i act ‘ i «i im 
piral which was built into a modified combustior 
pipette. Likewise, the ilphur compounds in hown that carbon disulphide 
thetic x ture of carbor monoxn le tre vel and and cars phide the from 
irbon disulphide could be converted to hydroger i vacuum extraction of an iron or steel, in order to a 
nhide by this 1 jure. The hyd hid obtain accurate results for oxygen, some provisior 
must be made for the removal of these sulphur com 
Wa ‘ ved by orptio n lead acetate se 
pounds. While hydrogenation to hydroget ilphide 
In the orovedure finality adopted. th and absorption in lead acetate proved satisfactory 
in equal ime ¢ \ ogen and passe 
We! hat 1050 C) vill disclose a better pr wedure 
al ‘ i ti t «i me 
u the rea n appeared to be complete. It wa R 7 
then 1 i +} tot eferences 
passed i ead acetate « dine pipette 
mave the hud O. W. Lust Proc. Amer. Ga ‘ 1937 pp 
ide 
NONIGE ¢ A. E. Sands, H. W. Wainwright, and GC. Egleson 
verted carbon dioxide over hot copper oxide and Bur. Mines, RJ. 4699, p. It a7 
} Agen diffusion rates of copper and zine in a iiffusion flow of copper and zine sho ee 
’ bra have been measured in a vapor-solid type entire hatched area. including the « tes 
if couple with which the amounts of copper and zin ireéa, is proportional to the amount of I 777! av 
i ising pa re Kirkendall marker can be nward past the marke and that the smaller cros n 
btained by ean f a few mple experimenta hatched area Is proportional to the amount of copper ae 
measuremen if ert marke are placed or he diffused outward past the market These areas are rary 
irface of copper which is then exposed to zin completely determined by the expansion of the 7 
| I t et ed ‘ he dept f the buried particle below the Fy 
ical composition at the speci- - 
Ker ha hown, the ratio of —_ 
and zinc is then given by tne “4 
per and two copper single- 
Bridgman method were pre r 
15 em diam disk ipproxi- 
vith faces pl 
roximately 
face of « 
was next ea 
‘ 


Table | Ratio of Diffusivities of Zn and Cu in 


pper single 


Tance 


Fig 2--Schematic diagram of vapor solid type 


couple contaming mert markers 
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Nature of the Line Markings in Titanium 


And Alpha Titanium Alloys 


25, 0.9 


was doubt 
e based on 
from the 
titanium 


concluded 


marking in tita- 

with hydrogen, 

n hydride, because 

hydrogen. Work 

the Navy Bureau 

rrently with the work 

ied information on the 

described by Jaffee and 
rk howed that the 

inalloved titanium 
annealing at ele 

ted that this wa 
jrogen; previously, the 
howed that the mark 
rogen was added. Recent 
Ordnance Corps, Depart- 
described I now 


he marking tita- 


\ amy ( i diam, 
McQuillan re- 0.009+0.001 wt atomic pct), Fig. 1 


was 
ance heated i nicron vacuum for 44, 
at 1500 C i arly tates of heating, 


indicating 


cooling in 
analyzed for 
showed 0.0006 


be present 


C M. CRAIGHEAD, G A LENNING, and R | JAFFEE, Member 
AIME. are associated with Battelle Memorial Institute Columbus mraph ! th 
dro howed only anst } structure 

Discussion on this paper, TP 3361E, may be sent, 2 copies, to i no evidetr ‘ markings, Fig. 4 
AIME by Dec. 1, 1952. Manuscript, April 14, 1952. Philadelphia 
Meeting, October 1952 
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id annealed for 1 hr 
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Be 
7HERE has been considerable discussion amon), bserve them in Ti-H alloys containing 0.2, 3 
metallurgists and othe interested in the de ind 1 aton pet H. The tated that it ae 
¢} f that th } 
ve pment of tilanium alloy is to the nature OTF the il tha he marking vere a second pn : 
ne marku which appea n the microstruc hvdrogetr because 1 atomic pct Was 
ture f una ed titaniun nd «a titanium alloy accepted solid solubility of hydrogen u “ 
These markings have been va isly called x phase Finlay, Resketo. and Vordahl,‘ in 1950, 
tchu pit nd twuiu that the markings were a true second phase as a re- ie 
ib ana With i } 
how tvpica exampl ot the ilt of observations on the tchi characteristics i 
markit as they appeal espectively, ino high Anderson commenting o1 a 
t lide titanium, comme al purity tUtamiun nium was inclined to a - 
i and a high purity a alloy containing 0.2 pet N but was loath to call thet te 
he mime purity titanium sample, shown 1 of the reported high so 2: 
» contail bott ne marku nd some at Battelle Memorial Inst 
lu etained phase The phase een in f Aeronautic done ¢ 
tt micl pr hould not be confused with the lescribed in this paper, } 
ne marking nee t « vinate trom the on pre experiment conve etot * 
ent as an impurity in the sponge meta Campbel n 1949. Th : 
It will be noted that the line marking eem t amount of line mark * 
have a definite orientation pattern with respect to could be decreased by a 
the grains and in titanium noticeably resemble the vated temperature. It 7 
precipitatior cCUrring n artificially aged higt the result of removal of te 
purity Al-Cu alloys. Tt milarity led to the hy jata of Jaffee and Campt te 
the that the ne markings observed in titanium ngs appeared when hy 
ind «a titanium alloys resulted from precipitation ol work at Battelle for the : 
me unknown phase. With the work of Hagg’ and ment of the Army, whic > 
MeQu n as background, there was bttle reason establishes the identity of (Iii 
t ispect hydrogen of being responsible 1 th ‘ t hydride phase - 
marking Higg reported that up to ‘ 
H wa oluble in titanium, and 
ted an ty of up to & atom 
thermore, MeQuillan examined metallographically hi 
i 5.1 aton pet H alloy quenched from 300 C and the pressure increased to 150 n | 
i tated that the structure appeared to be a single that gase were being evolved. Af “. 
t hd tior vacuum, the 1odide titanium rod wi 
Line markir have been observed frequently hydroger Vacuum-fusion analysi 7 
ind were first noted by Jaffee and Campbell’ i 0.0003 wt pet H (0.03 atomic pet) to Ii. ‘ 
1949 Thev did not observe them in vacuum-a! 
nealed titanium and « Ti-O and Ti-N alloys, but did 
— 


titanwum with O2 pet 


titanium rod anncaled Fig 2--Commercial purity titanum Fig 3—lodide 
0 C and rapidly rod annealed tor hr ot 790 C wm ow N annealed m argon for | hr at 
Hydrogen con Hydrogen content not determined The 700 C and turnace cooled Hydrogen 

wt pet 43 line markings and spheroidal retained content not determined 


m equiared structure are she 


btructures showing line markings in titanium and titanium alloys X250 


5—Same material as in Fig 4 cold rolled to 0.040 in 


Fig 4 Same sodide titanium as in Fig | after annealing Fig 5 
00006 - thick sheet and annealed | hr im aw at 700 C Structure 


shown 1s that of equiaxed « devoid of all line markings 


4'> he ot 1500 C im vacuum Hydrogen content 
003 wt pet 3 atomic pct Note there 1s no evidence 
line markings in the transformed structure 


Figs 4 and 5—-Structures after removal of hydrogeiw~ *X250 


Same moter! as in Fig 4 after absorption at = Fig Same sample shown in Fig 6 after cold rolling to 
3 atom pct H With the addition of 140 in thick sheet and annealing for | hr im aw at 
700 C Equiaxed grams and the precipitoted hydride 


the line markings reappear Note the uniform 
n of the hydride phase phase are shown 


qs 6 and 7--Structures after the addition of about 03 atomic pct H to the hydrogen free base X250 
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4 
‘ 
‘ 
Fig lodide 
ed the ¢ 
tent 09 
pet 
Figs | to 
\ 
a 
y 
) \ 
/ 
“ - 
> 
‘ 
1 
Fig 6 
hy droge 
{istribut 
t ( Met hic examinatior t te nt t U4 tomic pet H The structure 
ct ‘ line mark i en-treated spe men after cold rolling 
t \ fir expe nt imple of the t 440 in. thick sheet and annealing in air for 1 hi 
cuul treated with hydroget t TOO ¢ hown in Fig Line markings in the 
ts-t t pt Approx julaxed tructure are again evident 
ed TOO C Except f ncrease the int and size of 
} t t ft fte it ption of hy the precipitated phase, the microstructure of a Ti-H 
in appearance tot e ol ved in the ginal ma t t least 4 ton pet. X-ray diffraction pat- 


Figs Sand 9 Right Fig 8, left; Fig 9 
right —Structures of Ti-H alloys Ti-12 
and 45 atomic pct H alloys, respectively 
As cooled trom 700 C im the Sreverts. type 
absorption apparatus X250 


Figs. 10 and 1) ‘Lett Fig 10, left Fig 
1}, night! —Structures of Ti H alloys 
Same specimens as Figs 8 and 9 Solu 
tion treated 16 hr im argon at 400°C 
quenched in cold water reheated 16 hr 
in argon at 250 C, and quenched in cold 
water Note the redistribution of the hy 
dride phase on quenching from 250 C 
%250 


Figs. 12 and 13 Right. Fig 12, left 
Fig 13, right —Structures of Ti-H alloys 
Same specimens as Figs 10 and 11 Re 
heated 15'> hr in argon at 350 C and 
slowly cooled in the furnace X250 


insoluble hydride ase is to significantly lower 

level of impact strengt! The hydrogen content 

rmally found in commercial titamum (0.3 to 0.5 

atomic pet) ifficient to cause a substantial low- 
ering of the impact energy absorption level This 

accompanied by no effect on the tensile properties 

t (0. W 
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olution by quenching 
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Thermodynamic Properties of Solid Nickel-Gold Alloys 


Free energies, enthalpies, and entropies of mixing of Ni-Au solid solu 
tions containing 5 to 95 atomic pct Ni have been determined by the 
electromotive force method at 700 to 900 C The thermodynamic 
activities exhibit large positive deviations trom Raoult’s law, and the 
entropies of mixing are almost twice those of ideal solutions. The enthal 
pies of mixing are positive ‘heat 1s absorbed’ and are attributable to the 
lattice distortional energy resulting from the size difference between 
the nickel and gold atoms. This factor appears to be responsible for 

the miscibility gap at lower temperatures 


Experimental Method 
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i > Two * LuT NS 
an ‘ | 
‘ ‘ ‘ 
+) 4 ent 
‘ ‘ nt? Fig Au phase diagram 
Miaatthe n which the electrode were solid nickel 
1 N \ ‘ i it 1 the ‘ ect ‘ ivte Wa a fused 
cell electrode were made from fine gold granule 
nd carbor nickel shot melted together under 
n, chill cast, swaged to 1/16 in. diam 
he used tert the thermodynamiu nnealed for one week at 850°C. Commer ' 
by 
cell 
Aas 
act 
kel 
the 
t prope the by standard 
equations to be presented later, was measured with 
potentiomete ind a mirror galvanometer sensi- 
tiwe to 107 + 
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: th embled cell by evacuating at 100°C for about 
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t to tt pid flow . 
pu 
S 
I the test inif r edure Wi 
‘ i} +} ‘ bot 700 nad ‘ ‘ 
- 
tt t it i ‘ ‘ emperature 
‘ ire brated tinum-platinun 7 
i 
the elect! te 
Toble | 
Fig 2 
varied betw Yet = 
there Was no discernible gregaty f gold at the 
irface f the cathode No appreciable mm pick 
ip trom the quartz cup Was found 
\ ‘ empera ‘ 
\ ? juickly developed a steady potential, but in the pre i 7 
- minary runs a slight downward drift of the voltage fs 
was encountered at the rate of few hundredtt of ay 
> i millivolt pe hou This dmft, which could be i 
ttributed to change n the electrode irface wa 
minimized by suitably choosing the electrolyte com = 
position The electrolyte which seemed to give the 
, : most stable and reproducible cell behavior was an = 
equimola mixture (melting point, 
660 C) plus 0.2 mol pet NiCl. and 06 mol pet a 
h 
Although the stability of the cell was affected by : 
‘ changing the salt mixture, the measured thermo ue 
ivnamic propertie were not dependent to any if - 
nif re Dor olvt ompo or 
t j fter t) ean at t ipor he electrolyte comy 
en ‘ vere determined a ‘ 
Thi l hown by the compilation of data in Table - 
he chaos f the portion of the 
air from th nat neratiur das 
sbmerged and top ‘ number of alloy eles 
t ie ndicated that there were ght change 
mi tion durit thy in. Var m about 0 
tomic pet for an 80 atomic pet N y to 1 atomik . 
nd chemic nal of the 
f few elect fid not reveal anv ait 'K 7 
f ‘ e betwee irface nd te compe 
estimated at few percentage point Neverthel 
door thy ++, of dat: which nere ed with 
2 tk > pet. Chen nals Lis ed that the 
ry nt of nicked un by the t e niche 
i j i; 1 uy pul te 
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were used t ite the designated point ! 
werasta the phase boundar. hown in Fig. 1 
Relative ntegral mola free energies (14 tre 
; t taxstal 
enere s Of mixing) ot table and metastadte 1a 
‘ i 
lutions are shown in Fig Values of AF for the ; 
metastable ylutior were calculated on the ba if 
j — extrag itor the potential-temperature curve 
. f the free energies of mixu are mall, in cor es 
8 
as > 3 formity with the high positive deviation from 
Raoult uw make the free energy curve 
insuitable for cating the phase boundaries by the * 
y ommon tangent method nasmucl i small ex a 
' perimental erre can change the shape of the curves 
ind appreciably shift the points of tangency 
Finally, the plot of log \ (1 X¥)' in Fig. 8 2 
780° 
that the activity coefficients do not vary with 
> my tior na simple manne ind indicate that 
[ the ition not regular. It interesting to note 7 
j 
points and the lines calculated from 
7 n 
Entt pre f Mixing 
il a a 
ited lirectiy fron the a 
irves | ise of the Gibbs a 
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Fig 13—Comparison of experimental ond theoretical 


enthalpies of mixing of Ni-Au solid solutions at 900°C 
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The experimental heat f mixir the 
slated on tl that the heat al ption a 
es. The is equat e listed in the Appet tion, which influence the atomic cohesive forces and a 
nded i j ‘ hie ‘ therefore the vibrationa heat Filling of 
it that estimated value ire more thar the mivht lead to a decrease in the | bind 
ng ene isually associated with the partially 
filled d band of the transition element A decrease = 
n the cohesive within the lattice would it 
crease the trequenct of atomic vit itor owe! 
. the Debve temperature and raise the pecific heat ‘e 
A 
it low temperature Tt n turn, would 
z / a fimite, } ve value for ( and accour for at 2 
‘ east a t of the observed exce entroy Some 
\ 
of the order of magnitude be 
z 
obtained from the varmation of t ra 
ture amor iifferent metallic Fable IN 
a t Debve temperature for a few meta taker 
om Glasstone’ and theoretical entropies computed 
™~» from Debye equatior ising data from Nernst - . 
0 = + —— : Progre ng from nickel te ne. the decrease t 
a 3 5 € 
ese entropy dif- 
Fig These entropy dif 
Ni- t es are the er of magnitude as the 
. exce entropi of the Ni-Au solid solutions and a 
iggest that a change in atomic vibrational frequet 
ilt Ir act, it may be enificar a he mea 42 
‘ jue to a change in electror tructure Mav we a 
ired heats of mixing are actually wer than those 
wcount the exce entropy of the alloy 
predicted from the tifference itomi e alone 
‘ wcount taken of entropy change al ng fron 
The effect f gold upon the magneti isceptibu 
the magnetic transformation and electron pecific 
i i , ¢ which ‘ plav in nick nd 
infilled Ke band Suct transition nt 
ntribute a negative term to the heat of mixit ae 
nd explal vhv the expe mental value ot H 
helow those computed on the basis of distortiona - 
ene ilor Howeve indue weight should not an _ 
scorr 
he iced the calculated distortiona ere ‘ ) 
bye ist f the a imptior ni ved See Apper i 
11x.) 
a i 
It pe ble that the high exce entropy also aco} - a 
a | 
brought about by change n electronic configura } a 
4 3000} 
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Microconstituents in Chromium-Base 


Chromium-lron-Molybdenum Alloys 


And Their Behavior with Heat Treatment 


The phases in Cr-Fe-Mo alloys have been investigated with homo 
genization, aging temperature, composition range, and alloy addi 
tion as variables. Metallography, three X-ray methods, and hardness 
were used as methods of study. The behavior of «, MC, and 
phase are reported for composition range 60 pct Cr-15 to 25 pct Fe 
15 to 25 pct Mo-- 0.005 to 0.36 pct C with aging at 1400° to 2000°F 
With 2 pct Ti, TiC and TiC-TiN are formed; with nitrogen CrN 


‘imax Molybder 
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heat ‘ tant i now appre Div highs nvestigat were m te n ¢ Mo alloy 4 
F \ However, furthe jevelopmental work re ternary Oy were Dew determined and ‘ = 
juired t mpart needed shock re tance and some thermal sectior lrawn at 2370 , 2010 , and 1650 F Ea 
legree of m-temperature ductility to these alloy (1300 . 1100°. and 900°C) Also, various method i ne 
Extensive exploratory work on chromium-bas« f preparation and some mechanical and physical be 
illoys was begun in a program initiated by the War properties of chromium-base alloys, particularly the ee 
Metallurgy Committee of the National Defense Re 60 pet Cr-15 pet Fe-25 pet Mo type, were being i - 
earch Council at the ( im Co. it vestigated a 
the early part of 1942 ht for ga At the inception of the present program, only a ae 
turbine blades f ise at 7! ,{ minimum of 5 limited study had been made of etchants for deve —_ 
by 
pct ¢ ngation in the tress-rupture test Was a re pir the microstructure f chromium-base alloy - 
juirement. From the Climax work, ternary alloy X-ray analy of the muicroconstituents had not oe 
f chromiun n, and molybdenum appeared to been made A review of the literature revealed that ie 
how the greatest promise as materials for gas-tul ! phase-diagram work had been reported on the = 
bine blade The composition line in the ternary Cr-Fe-M vstem i 
i ram joining the 60 pct ¢ 15 pet Fe-25 pet Me 4 
nd 60 pet Cr-25 pet Fe-15 pet Mo alloys wa ndi- The work on cl wllovs include the i 
cated a representing the most useful combinatior fe, Wir | The of etehu method eo 
f strength and ductility. Strength increased while for differentiating microconstituent 
, juctilitvy decreased as molybdenum was raised 2 The lentification of microconstituents by X-ray 
this composition range.’ The 60 pet Cr-15 pet Fe {iffraction method nd \ 
iitable properties for gas-turbine blade heat treatment - 
tudied by three standard X-ray 
imera 
eles 
der 
am 
e col 
third 
ay 
aor 
0 pet 
pet 
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Table I! Phase Identification Results by Block and Separation X-Ray Analyses 
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Fy pet M (0.09 pet and 70 pect 1] pet t nd 1800 
Fe-19 pet M 0.06 pet ©) Bott t and aged materials and homogenized ae 2 
Of these. the 60 pct C 15 pet Fe-2 pet M and mnie were nceluded 
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vacuu ealed afte t was flushed three times wit! a a 
‘ mnt minate x er na 
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‘ vhich appear in rapicly increasing 4mount 
he X vere -mn ntent ap} ache the as-cast 
n pet ct Fe-25 pe Mo a y with up to about 
i i ¢- t tv pe j 
“lt int pect t olels f body-center cubic a 
‘ At the 0.03 pet ¢ ve an as-cast M.C,-type carbide 
ned mm jered a ‘ ‘ mple ire 
present, and increases in amount as the carbon Is 
ed Table Hl 
j the ty the three X i i to about 0.36 pet, and probably higher (for 
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a and a—-Aged 24 hr at 1400 F 
Glycol alcohol nitric acid etch 


b and b —Aged 144 hr at 1400 F 
Glycol- alcohol mitric acid etch 


c and —Aged 10 hr at 1600 F 
c and d—Glycol aicohol nitric acid 
etch 


d and d —Aged 144 hr at 1600 F 
and d—Alkaline permanganate 
etch 


e and e —Aged 8 hr at 1800 F 
Alkaline permanganate etch 


t and t'—Aged 96 hr ot 1800 F 
Alkaline permanganate etch 


g and g—Aged 96 hr at 2000 °F 
Alkaline permanganate etch 


| Pind 
60 pct Cr. 15 pet Fe-25 pct Mo 0.09 pet C alloy 60 pct Cr-25 pct Fe 15 pct Mo 009 pct C alloy 
Heat A4459 Heat A446! 


Fig 2—Microstructures of chromium bose alloys after aging at 1400° to 2000 F X250 
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; tt ging at 14 uw igh 2000 F 
one 
+} e the ¢ + net Fe 
ot ie disperses e unifort n the 1 ct M 
e 
wnt ind afte wit at 1400 th 
vere found t be « entia the ame 
ac © ersed MC, carbide in the low bor inge; and 
‘ ible juantit tinel ed constituent 
nd as-cast MC, witl irbon content, described 
1 ‘ The formed in the mi tructure nm the 
: ; T ime temperature inge as for the 0.09 pet C level 
‘ ; nd, f comparable aging time, appeared in about 
r pe tiie ime an int at carbon level jown to 0.01 pet 
Meta iphic of the 60 pct Cr 
ste tte 15 pet Fe-25 pct pct C ind 60 pet Cr-25 
= pet Fe-15 pet Mo-- iiiimmgrt C alloy evealed only 
‘ 
extremely ht amounts of precipitate after pro- 
‘ nved aging at 1400 through 2000 F The tem 
<t C range after aging 96 hr vere found corresponded to the temperature range 
is ‘ these types of alloys witt 0.09 pet C (see Fig. 3) 
An investigation was not made as to whether the 
34 ‘ , ‘ roe the 60 pet . phi fort n aging in the 60 pet Cr-25 pet Fe 
) 4 pet Mo type alloy in the 0.005 to 0.03 pet C range 
; rhe mi tructure f aged Cr-Fe-Mo alloys, a 
th iM ve pertie can be ignificantly affected by 
homoge As contrasted to the nor 
tistributior {f the fines lispersed con 
i the ¢ ' t I ersed constituent in homogenized and aged mate 
i vu inif miyv distributed 
a The mn tructures for the homogenize iand aged 
t t t i ersed ca 
‘ ot 60 pet ¢ 15 pet Fe 25 pet M -0.015 to 0.025 pet ¢ 
howed uniformly dispersed M..C, after the 
‘ t } t » | the ten tuke ed ‘ 
te of 1400 to 1600 F aging treatments and, after aging 
t t ‘ ‘ i ind t 1800 F. both the uniformly dispersed M,C, and 
te by eate trace fo. Agi it 2000 F produced predominantly 
al { ‘ t i ersed with a ht amount of carbiate 
tut ‘ t t Aving the homogenized 60 pet Cr-25 pet Fe-15 pet 
f { ‘ ‘ lu M 1015 to 0.025 pet C matenal produced uni- 
t t ct Fe » pet 
‘ rer formlv dispersed M,C, at 1400 F, predominantly 
ersed verv sma amount of at 
; 600 F. predominantly o with a ve light amount 
‘ hick 00 F. and all at 2000 F 
It not expected that the finely dispersed nase 
A 1 be erwhelmingly predominant in the homo- 
; ' enized 60 pet ¢ 15 pet Fe-25 pet Mo-0.015 to 0.025 
. pet C vy aged at 1800 F ind homogenized 60 pct 
t Fe-15 pet Mo-0.015 to px ( alloy 
f t ) t Fe tM ed at 1600 F. TI particularly appears anomalou 
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Fig. 4—-X ray line intensity chart of powder diffraction trims taken 
of selected Cr Fe Mo alloys The powder samples were cold worked 
prior to heat treating so as to give conditions approaching equilib 
num and « patterns in graphs | and 3 are based upon the 50 
pet Cr-50 pct Fe alloy while the M_C type pattern im graph 2 
was obtained trom a residue extracted trom the 60 pct Cr 15 pct 
Fe.25 pct Mo type alloy Where lines of different phases appear 
to have superimposed, the line 1s dissected All phase lines are 
marked 
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Fe-19 pet Mo-0.06 pet ¢ lov was shown to be the at 
M.C.-type carbide t eparation X-ray analy (set hy 
Table I, sample 4). Therefore, it appea h 
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cast constituent in the 65 pet Cr-1 pet Fe-22 pet ro 
M 0.09 pet C a » is also al M.C,-tvpe carbiat 
Both the 65 pet ¢ 13 pet Fe-22 pet Mo-0.09 pet C 4 
ind the 70 pet Cr-11 pet Fe-19 pet Mo-0.08 pet C “ 
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After agir at 1800 F, the 65 pet ¢ 13 pet Fe 4 
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Fig S—-Microconstituents in chromium base alloys 
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Fig 7—Choracter of deformation accompanying hardness indentations im chromium. base a 
alloys. Vickers 10 kg load. Glycol-alcohol nitric acid etch. a upper left —60 pet Cr 15 pet 
Fe. 25 pct Mc pct C alloy as cast and aged 96 hr at 1606 F Heat A446! X500 Shows 
the plastic deformation and absence of striac This ts typical for microstructures contaming eS 
copious finely dispersed phase b upper right —-60 pct Cr-15 pet Fe 25 pet Mo. 0.005 pct < 


C alloy as cast Heat A446 X250 Illustrates the amount of strioe which accompanies in 
dentations in 0.005 pct C alloys c ‘lower left’ —60 pct Cr 15 pet Fe.25 pct 0.005 
pct C alloy as cast Heat A4460 X1000. « and d are taken of the same field of view on the 

105 pct C type alloy with the illumination striking from opposite directions im the respec 
tive micrographs. The fact that the striae appearing white im one micrograph appear black im 
the other. and vice versa, clearly illustrates that they are inclined with respect to the surface 
st the microspeciomen This feature together with the characteristics for the striae mentioned 
in the text are proof that the striae are deformation twins d lower right 60 pct Cr lS 
pet Fe 25 pct Mo 105 pct C alloy as cast Heat A4460 X100( 
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eis elected to the position of executive vice-president. He succeeds Burr Wheeler 

; who is retiring after 38 vears of service. Redolfo Michels, vice-president of 
Andes Copper Mining Co. and Chile Exploration Co., has been elected to the 


executive vice-f{ 


" tion of vice-president and resident director of those companies with head . 
Joseph P. Somers has been appointed quarters at Santiago, Chile i 
tant to the president of Wyckoff ] 
Frederick R. Jackson has been made Francisco for the U. S. Steel ¢ at ' 
Harold ¢ Olson ha heen named chief of quality control, Kaiser Alu the Columbia-Geneva steel div. He a 
k etallurgist for the Le Ar minum & Chemical Corp., Newarb recently was transferred from Pitt 7 
t iberg Stee Or burg! 


, Rreacing * Benjamin H. MeGar, tant direc E. A. Schoefer has been appointed a 


Harold K. Werk, director of the re tor of research now director, met executive vice-president of the All : 

earch d New York University illurgical dept... Chase Brass & Coy Casting Institute, Mineola, N. Y 

‘ ege of Engineering, has been ay per Co., Waterbury, Con: 
a Por tee of the $650.000 four Lee S. Busch | enior metallur, : 

George W. Lucas ry eng for P_R. Mallory & Inc, Indiana 

neer in the Carboloy dept., Genera poli 


Frank Nabers | ‘ tant gene! 
Herbert M. Meyer has been promoted nanager for Great Lake Carbor a 


Paul Weltgang ye to research metallurgist, Armour Re Cory Morganton. N.C 
earch Foundation, Chicago. He had 
Medal by the Franklin Institute heen ssnoriate metalluraist A. A. Nelson is now mill superinter 


dent for the U.S. Smelting, Refir 
John L. Young, has been elected Kenneth O. Bayard is plant meta & Mining Co., Midvale, Utat 
pre lent { the Asst of Iron and lurgist for the Kaiser Mfs Cory ; 
ngineer rl Detroit Mead W. Batchelor has been appoint = 
ient in charge of et ed president of the Riverside Meta 


neering for the U.S. Steel C H. C. Burrell is now located in Sar Co., Riverside, N. J 
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RS. NEWLIN : 
Bureau of Mine now located in “4 ths Ne 
Salt Lake City He had been at 
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BLAST THE LUCK— 
A WASHOUT 
AGAINST THESE 


” CARBON LININGS ! 


NATIONAL 


TRADE -MARK 


CARBON-LINED BLAST FURNACES 


5 pew AL of the many comments tavoring carbon-lined turnaces 
atter the recent strrke, was that made by the manaver of a large 


eastern mill 


Describing his carbon hearths as coming back on blast “smooth 1 


is silk . he porns the many other users reporting faster, casier, more DOLLARS 
N 
ccomomical return to normal operation with carbon lined furnaces and SENSE 


than with any other type of lining 


MORE THAN 30% OF ALL U.S. BLAST FURNACES 
ARE NOW LINED WITH “NATIONAL” CARBON! 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 420d Street, New Yorm ¥ 


OTHER NATIONAL CARBON PRODUCTS 


BLAST FURNACE LININGS - BRICK - CINDER NOTCH LINERS + CINDER NOTCH PLUGS « ELECTRIC 
FURNACE ELECTRODES + SPLASH PLATES + RUNOUT TROUGH LINERS + MOLD PLUGS 


i 
‘ 
eve 
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Entry side of the Lewis 10 x 
20 x 28 4-High Reversing 
Cold Strip Mill 


When Production Steel Coul ¢ o. Ine 

gets a request tor cold rolled strip 
of unusual width gauge, temper and 
finish, they dont put the customer 
off with a not in stock’ excuse 
They roll the order to exact spe if 

eations right in their Detroit ware 
house on a Lewis 10° x 200 X 28 

t-High Reversing Cold Strip Mill! 
Reversing coils pe continuous 
operation with substantial reductions 
per pas ind close gauge tolerances 
are maint sined with the most 
advanced pushbutton controls This 
mill. together with tts innealing 
equipment pros ides an exceeding! 
flexible arrangement that meets ill 
customers) requirements Write for 
complete tec hnicak details 


Manufacturers of Rolls and Rolling 
Mill Equipment For the Iron, Stee! and 


Non-Ferrous Industries 


FOUNDRY & MACHINE 


Division of Blaw-Knox Company 


Pittsburgh, Pa 


